We analyzed the temporal and spectral properties, especially the short bursts, for three anomalous X-ray pulsars (AXPs) and soft gamma repeaters (SGRs), including SGR 1806-20, 1E 1048-5937 and SGR 0501+4516. Using the data from XMM-Newton, we located the short bursts through Bayesian blocks algorithm. The short bursts duration distributions for three sources were fitted by two lognormal functions, however, the spectra of shorter bursts (< 0.2 s) and longer bursts (≥ 0.2 s) can be well fitted by two black body components with different emission areas for SGR 0501+4516. We studied the flux evolution of the persistent and the burst emission, and found a similar tendency of flux during outburst. We also found that there is a positive correlation between the burst luminosity and the persistent luminosity with a power law index γ = 1.22 ± 0.19. The ratio of this persistent emission to the time averaged short bursts is in the range of 10 ∼ 10 3 , similar to the case in Type I X-ray burst. In the end, we discussed our results in the accretion model and magnetar model for AXPs and SGRs.
Introduction
Anomalous X-ray pulsars (AXPs) and soft gamma repeaters (SGRs) are isolated neutron stars. They have long rotation periods (2 ∼ 10 s) and rapid spin-down rates (10 −13 ∼ 10 −11 s s −1 ) compared with radio pulsars. Their soft X-ray luminosity is about 10 34 − 10 36 erg s −1 , which far exceeds their rotational energy loss rates (Mereghetti 2008) . Assuming magnetic dipole braking a vacuum, their characteristic magnetic field can exceed the quantum critical value (B QED = 4.4 × 10 13 G). Observationally, AXPs/SGRs have many kinds of activities, such as, outbursts and bursts, pulse profile changes as well as timing anomalies (glitch and anti-glitch). Duncan & Thompson (1992) firstly raised the "magnetar" concept and discussed the formation of a magnetar. They suggested that an αΩ dynamo operating in neutron star with initial period P ∼ 1 ms could generate a dipole magnetic field much stronger than 10 13 G. Thompson & Duncan (1996) considered the persistent radiation of AXPs/SGRs as a result of a magnetic field decay and the persistent seismic activity, producing low amplitude Alfvén waves in the magnetosphere, as an effective origin of the X-ray emission. Several proposals under the magnetar framework have been established to explain bursts, e.g., strong magnetic reconnection (Lyubarsky et al. 2002) and magnetic pressure triggered crust fractures (Heyl & Hernquist 2005) . However, some challenges are inevitably raised up, such as, the existence of low magnetic field magnetars (SGR 0418+5729, Rea et al. 2013; Swift J1822.31606, Rea et al. 2012 ; 3XMM J185246.6+003317, Rea et al. 2014 , Zhou et al. 2014 , and the prediction, that magnetar should have large spatial velocities and energetic associated supernovae, made by Duncan & Thompson (1992) have not been observed yet (Mereghetti 2008) . The accretion disk model, which is widely accepted in binary systems, was raised up for AXPs/SGRs in a form of fossil disk, in which the emission is powered by accretion from the disk (Chatterjee et al. 2000) . Wang et al. (2006) observed the fallback disk of 4U 0142+61 directly, where the disk may come from a supernova fallback origin. However, this disk shows no accretion process. The accretion-based models were usually criticized because the lack of mechanism to explain the giant flares and bursts, which indicate that these models must look for help from magnetar model to become a "hybrid" and complete model (Mereghetti 2008) . Nevertheless, combining the accretion model and strange matter state, Xu and coworkers (Xu 2003; Zhou et al. 2004; Xu et al. 2006; Xu 2007) suggested that the solid quark stars, instead of neutron stars, could generate giant flares and bursts in the process of accretioninduced star-quakes. Also a solid state of quark matter could be helpful to understand the plateau of gamma-ray burst (Dai et al. 2011 ). Cheng et al. (1996 discovered the similarity between the short bursts in SGR 1806-20 and the earthquakes, based on the power law energy distributions dN ∝ E −1.6±0.2 dE and log-symmetric waiting time distributions. Then more systemic statistics were done for SGR 1900+14 (Göǧüş et al. 1999 ) and SGR 1806 -20 (Göǧüş et al. 2000 . Göǧüş and coworkers showed the burst fluence distributions with a power law index ∼ 1.66 for SGR 1900+14 and ∼ 1.6 for SGR 1806-20. They found lognormal distribution of waiting time for each source, peaked at ∼ 49 s for SGR 1900+14 and ∼ 97 s for SGR 1806-20. Moreover, they concluded that there is no relationship between the burst strength and the waiting time. Göǧüş et al. (2001) discovered the lognormal distribution of the short burst duration with the value peaked at ∼ 0.1 s. In recent years, Prieskorn & Kaaret (2012) discussed the fluence distribution for SGR 1806-20 and SGR 1900+14 using all the RXTE observations and claimed that the distributions should be a broken power law with exponential cutoff. Lin et al. (2012) researched the dimmer short bursts spectrum and concluded that the persistent radiation could not have the same origin with dim short bursts. Although many researchers have found short bursts from AXPs (Gavriil et al. 2002; Kaspi et al. 2003; Gavriil et al. 2008) , no statistic works have been done for AXPs. Benefiting from Bayesian blocks algorithm, we could search more short bursts in AXPs and compare the properties of bursts in SGRs.
Bayesian blocks algorithm was developed by Scargle (1998) and Scargle et al. (2013) to analyze the structures in photon counting data and to detect Gamma-ray Bursts. Lin et al. (2013) firstly used this algorithm to search short bursts in SGRs. It shows a great efficiency in distinguishing the dim bursts. They analyzed the morphological properties of the short bursts and fitted the duration distributions with two lognormal functions for SGR 0501+4516, and then verified the power law distribution of fluence.
In Section 2, we describe the observations and data reduction. The details of detecting short bursts by using Bayesian blocks algorithm are presented in Section 3. In Section 4, we show that the short burst duration distributions, evolution of the flux and the relationship between short bursts and persistent emission. In the end, the discussion about accretion model and the magnetar model, based on our results, is available in Section 5.
Observations and data reduction
We chose three sources for our researches, including SGR 1806-20, 1E 1048-5937 and SGR 0501+4516. The data were observed by XMM-Newton space telescope. All these sources have enough observations to research short bursts statistically.
SGR 1806-20 is one of the earliest SGRs which was discovered in 1978 and confirmed in 1987 (Laros et al. 1987) . It is also one of the most energetic sources among all AXPs/SGRs. In December 2004, it showed the third giant flare (Borkowski et al. 2004 ) in all SGRs. It released ∼ 10 46 erg during ∼ 0.5 s (Mereghetti 2008) . XMM-Newton implemented about 10 years monitoring and observed its entire outburst variation. 1E 1048-5937 is a bright AXP, had experienced two outbursts in (Tam et al. 2008 . XMM-Newton have one observation for each outburst respectively. SGR 0501+4516 was discovered on 2008-8-22, when it entered in its first outburst (Barthelmy et al. 2008) . XMM-Newton's observation began on 2008-8-23 , showing an entire outburst decay similar to that of SGR 1806-20.
We analyzed the data from detector PN on board XMM-Newton, since it has the highest time resolution among all three soft X-ray detectors. Almost all of the observations are in the imaging modes, only one observation for 1E 1048-5937 is in timing mode. We only used the data in imaging mode, to make the results from different observations comparable. We circled the region with radius 30 ′′ centered on sources position and 45 ′′ for backgrounds aside these sources, then obtained the time-tagged events (TTE) data. Using these TTE data, we located the short bursts by Bayesian blocks algorithm. The details about the Bayesian blocks algorithm will be discussed in Section 3.
In order to compute the flux and luminosity, we fitted the persistent spectrum for each observation and burst spectra for the observations with more than 50 burst photons. We adopted absorbed black body plus power law (phabs(bbodyrad+powerlaw) in Xspec) for the persistent emissions and a single absorbed black body for bursts, an extra black body component is added if necessary. The photoelectric absorption parameter N H were fixed using the value from magnetar catalog (Olausen & Kaspi 2013) shown in Table 1 , except the observations of SGR 0501+4516 shown in Table 5 . Examples for the persistent and the burst spectrum are shown in Fig. 1 respectively. After the spectral fitting, the cflux in Xspec was used to calculate the unabsorbed flux in the energy band 1.0 − 10.0 keV and the error with 90% confidence range. To obtain the luminosity in the same band, we used the distance in Table 1 . The results are listed in Table 2 -Table 5 .
Details of locating short bursts
In Bayesian blocks algorithm, the optimal block partition is obtained by maximizing the likelihood function (L) (Scargle et al. 2013) ,
where
are the total number of photons, expected count rate and duration of the block k, respectively. The algorithm depends on the prior blocks distribution index (ncp prior) and false positive probability p 0 . We utilized the equation (21) Although the time complexity have been reduced to O(n 2 ) (Scargle et al. 2013) , it is still an unacceptable computing time if we apply the Bayesian blocks algorithm to the entire observation. To reduce the time complexity again, we divided the entire observation into several segments with equal length. For different sources, we defined the length as the bigger one between 50 times the mean rate and 100 cts s −1 .
To decrease the effect of the different separations, we set two rounds detection as suggested by Lin et al. (2013) . The first round started from the beginning of the observation and the second round was a half separation postponed compared to the first one. For each round, we applied the Bayesian blocks algorithm to each segment, and obtained the raw change points. If one change point was also a discontinuity points we set in the separations, we used the two segments before and after it to determine whether it was a change point or not. We merged the two round results together and calculated the final rate for each block. We defined the blocks longer than double periods of the source are the background blocks. We amalgamated background blocks to estimate the background count rate level. After that, we tagged the blocks with rates higher than backgrounds as short burst blocks. Our results are shown in Table 2 and an example of the result of Bayesian blocks algorithm is shown in Fig. 2 . All background blocks, for each observation respectively, are collected to constitute the persistent data, while the burst blocks are also collected as the burst data.
Results

The duration distributions
After locating the short bursts, we made the duration distributions for SGR 1806-20, 1E 1048-5937 and SGR 0501+4516. We found that each distribution can be well fitted using two lognormal functions. All the results are shown in Fig. 3 . For SGR 1806-20, the two components are τ 1 = 122 ± 6 ms with standard deviation σ 1 = 0.46 ± 0.02 and τ 2 = 4551 Especially for the first observation of SGR 0501+4516 (Obs. ID 0560191501), Lin et al. (2013) accomplished the temporal analysis of the dim short bursts. To make a comparison with their results, we made the duration distribution for this observation specially, shown in Fig. 4 . Our results showed that χ 2 /d.o.f. = 9.97/7 and two lognormal components of τ 1 = 83 +19 −16 ms with σ 1 = 0.37 ± 0.06, as well as τ 2 = 744 +802 −386 ms with σ 2 = 0.56 ± 0.20, while Lin et al. (2013) showed that χ 2 /d.o.f. = 3.65/5 and two lognormal components of τ 1 = 85 ± 8 ms with σ 1 = 0.36 ± 0.03, and τ 2 = 1028 +220 −181 ms with σ 2 = 0.32 ± 0.05. Since the Bayesian block algorithm have some prior parameters, we get the different bursts sample compared to Lin et al. (2013) . However, considered the uncertainties, our results are consistent with Lin et al. (2013) .
We noticed that for SGR 1806-20 and SGR 0501+4516, the bursts are mainly dominated by the shorter time scale bursts (∼ 0.1 s), while for 1E 1048-5937, the longer time scale bursts (∼ 1 s) are in the majority. To investigate the spectral properties of short time scale bursts and long time scale bursts, we divided the bursts into two subclass at 0.2 s for SGR 0501+4516, since SGR 0501+4516 has enough burst photons for spectral fitting and 0.2 s is the approximate intersecting point of the two components. Both spectra can be well fitted by two black body components or the optical thin thermal bremsstrahlung (OTTB) model, shown in Fig. 5 . Fitting these two spectra for longer or shorter bursts in two black bodies model, respectively, the two components are 0.62 ± 0.04 keV and 2.53 −5.47 keV with reduced χ 2 = 1.14(113). Considering the uncertainly of characteristic temperatures, the main difference is the normalizations, which are the emission areas for black bodies or the densities of plasma for OTTB. Our results indicate that the bursts with duration less than 0.2 s have larger normalization no matter which model is used.
The flux evolution
From the spectral fitting results, we plotted the persistent flux (F p ) and the average burst flux (F aver,b ) evolution for SGR 1806-20, 1E 1048-5937 and SGR 0501+4516 in Fig. 6 . The average burst flux denotes that the total burst fluence is averaged into an entire observation, so it represents the strength of burst energy releasing during this observation.
SGR 1806-20
SGR 1806-20 is the most special source among all three sources because of its giant flare, as we mentioned in Section 2. We noticed that the persistent flux experienced a decay, while the average burst flux showed fluctuation due to the giant flare. After the giant flare, the burst flux became much lower than earlier epoch within three months. And during next two years, it lasted its low burst rate condition until late in 2006. After a weak peak around MJD 54000, the burst flux curve entered into another decay stage.
SGR 0501+4516
The persistent flux of SGR 0501+4516 showed a decay, while the average burst flux showed a steeper drop to the bottom. We separated the first observation into four segments. The persistent flux did not change significantly, while the average burst flux had an apparent peak at the second segment.
1E 1048-5937
The flux evolution of this source did not appear a decay stage as SGR 1806-20 and SGR 0501+4516, because XMM-Newton did not have enough observations. According to Tam et al. (2008) , 1E 1048-5937 had experienced two outbursts in 2002-2004 and 2007 , so the flux variance showed a comparison between the outburst and the quiescent period.
Short bursts versus persistent emission
Based on the spectral fitting results, we analyzed the short bursts and the persistent emission properties for the sources. We adopted the flux and luminosity to estimate the strength of the short bursts and persistent emission simultaneously. In Fig. 7 , We fitted F b and F p using a power law,
with index γ = 0.95 ± 0.63 and Pearson correlation coefficient ρ = 0.41. The fit result shows that there is a marginal positive correlation between the burst flux and the persistent flux. We also fitted the burst flux and the persistent flux using a power law with γ = 1.22 ± 0.19 and ρ = 0.89 in Fig. 7 . This correlation is more intrinsic than the flux one, which implies that there is a tight relationship between the short bursts and the persistent radiation. Fig. 8 shows a scatter relation between the burst rate and the persistent flux for all the sources. The power law indices and correlation coefficients for SGR 1806-20, 1E 1048-5937 and SGR 0501+4516 are 2.18 ± 0.65, 0.51 ± 0.33, 1.63 ± 0.72 and ρ = 0.78, 0.62, 0.75, respectively. The relationship between the burst rate and F p can be described as a power law with γ = 1.23 ± 0.36 and ρ = 0.62. In Fig. 9 , we computed the ratio (L p /L aver,b ) and found that the ratio is independent of the persistent luminosity, ∼ 10 − 1000. Then we also fitted the ratio distribution with a lognormal fitting, shown in Fig. 9 . The mean value of the ratio is 611 +253.06 −178.96 and the standard deviation is 0.56 ± 0.12.
Conclusion and Discussion
In this paper, we showed the temporal and spectral results of short bursts using the Bayesian blocks algorithm for three AXPs/SGRs. We found the duration distributions for AXPs/SGRs can be fitted by two lognormal functions. Among all the three sources, the mean values of two components are ∼ 0.1 ms and ∼ 1 ms respectively. 1E 1048-5937 is dominated by longer time scale bursts, while SGR 1806-20 and SGR 0501+4516 by shorter ones. The spectrum analysis for longer and shorter time scale bursts showed no obviously difference, which implies that these two types burst may share a common origin.
We researched the relationship of luminosity between the short bursts and the persistent emission, which showed a power law with γ = 1.22 ± 0.19. In accretion model, this phenomenon is natural, since the persistent radiation represents the accretion rate, while the burst radiation represents the accumulation of the accreted matter. In the magnetar model, both the persistent emission and the bursts are from the magnetic energy. During an outburst, some seismic activities may trigger magnetic reconnections or crystal fractures, which is responsible for the short burst (Thompson & Duncan 1996) . During this process, the magnetosphere will become more twisted. The corresponding persistent flux will also increase (Beloborodov 2009 ).
We also claimed that the ratio (L p /L aver,b ) is independent with F p or L p , which could be comparable to that of Type I X-ray bursts (with ratios between ∼ 40 to few hundred, Galloway et al. 2008) . Based on these results, we could speculate that the the short bursts from AXPs/SGRs and Type I X-ray bursts may arise from similar trigger mechanisms.
Nowadays, the popular mechanism for Type I X-ray burst is the unstable nuclear burning of the accreted matter. The base of the mechanism for outburst is the ineluctable conversion of a hydrogen-rich accreted matter to a neutron rich composition in the neutron star interior (Taam 1998) . Addition to the outburst, the conversion is unstable, resulting in X-ray bursts, in a helium or a hydrogen-helium co-exist layer. However, Altamirano et al. (2012) found that the superburst from EXO 1745-248 is very challenging for current thermonuclear ignition models, because it is too cold to ignite a carbon burning in current models. Nevertheless, in the framework of the accretion scenario, where internal gravitational and elastic energy release during a quake of massive compact star might be responsible for triggering the bursts (Xu et al. 2006) , the constant ratio could be natural for both AXPs/SGRs and Type I X-ray bursters if a corona-like layer covers an accreting solid quark star (Xu 2014 ).
What's more, we noticed that two SGRs showing the entire decay of an outburst had similar performances: the persistent flux showed a normal decay apparently and the burst flux showed steep peaks. These steep peaks represent the ultra active phases, which for SGR 1806-20 is a giant flare while for SGR 0501+4516 is a period with frequent short bursts. However, there are also differences between these two sources. The burst flux of SGR 1806-20 had double ascent stages, while SGR 0501+4516 had only one. In the accretion model, it could be expected that accretion rate variation would be responsible for a long time-scale (∼ 10 2 days) luminosity change. In the first active phase of SGR 1806-20 (top-right plot in Fig. 6 ), the source may deplete all of the accumulated energy in the form of gravitational, elastic even nuclear energy. After that, SGR 1806-20 could enter in another accumulatingreleasing cycle (i.e., the second active phase in the top-right plot of Fig. 6 ), since SGR 1806-20 had a slower decreasing accretion rate than SGR 0501+4516. (4) 6.9 ± 0.4 (7) 1E 1048-5937 6.4578754(25) 54185.9 (2) 9.0 ± 1.7 (5) 0.97 ± 0.01 (8) SGR 0501-4516 5.76209653 (3) 54750 (3) 0.8 ± 0.4 (6) 0.6
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